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Objective : This retrospective study of 215 patients with 383 symptomatic osteoporotic vertebral compression fractures (VCFs) treated by
percutaneous vertebroplasty (PVP), was performed to evaluate the clinical outcomes, and to analyze the various clinical factors affecting these
results.

Methods : The authors assessed the clinical outcome under the criteria such as the pain improvement, activity, requirement of analgesics, and
the patient’s satisfaction, and determined the relation to various peri- and intra-operative factors, and postoperative imaging findings.

Results : The outcome was determined as 84.2% in relief of pain, 72.0% in change in activity, 65.7% in analgesics use, and 84.7% of
satisfaction rate. More severe focal back pain, high uptake bone scan, and the lower mean T-score were related to the better pain relief
following PVP. The longer the duration between fracture and PVP, the less severe focal back pain, low uptake bone scan, and leakage of PMMA
into the paravertebral space were related to the less improvement in activity. Female and low uptake bone scan showed a correlation with more
analgesic use. The longer the duration between fracture and PVP, low uptake bone scan, and the higher the mean T-score were correlated with
the less the patients satisfaction.

Conclusion : Our study suggests that PVP may be more effective in the acute phase of VCFs, more severe focal pain, and far advanced
osteoporosis on BMD. Leakage of PMMA into the paravertebral spcae also could be affecting the surgical results.
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INTRODUCTION procedure was expected to eliminate or reduce the pain

postoperatively by the effectual stabilization of fractured

Osteoporotic vertebral compression fractures (VCFs)  body, and then it has been widely accepted as a fascinating
cause not only severe pains but also functional and social  minimally invasive surgery for osteoporotic VCFs.

problems such as sleep disorder, restriction on social Since then, many published previous results have demon-

202229 Therefore, it needs to  strated significant pain relief after PVP. However, most of

treat actively, however, the traditional management has  reports have just focused on the change of pain pre- and

activities and mental diseases

been almost exclusively conservative because of concern  postoperatively, which tend to depend on only subjective
about the risk related to extensive stabilization surgery. assessments. Therefore, it is necessary to make a detailed

Percutaneous vertebroplasty (PVP), pioneered by Dermo-  investigation in various clinical viewpoints for defining the
nd et al.” in late 1980, consists of fluoroscopy guided pro-  exact therapeutic effect of PVP in osteoporotic VCFs.
cedures to inject polymethylmetacrylate (PMMA) into the ~ Moreover, although it is supposed that the factors which
osteoporotic or neoplastic fractured vertebral body. This  influenced on the surgical outcome of PVP would be the
age of fracture, the degree of osteoporosis, and the surgical

* Received : Ocfober 28, 2008+ Accepted : January 2, 2009 complication such as extavasations of PMMA, there are few
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Catholic University of Korea College of Medicine, 505 Banpo-dong, outcome
Seocho-gu, Seoul 137-701, Korea . . . . .
Tol : +80-0-600-1343, Fax : +82-2-504-4248 This retrospective study of 215 patients, with back pain

E-mail : ckomd@catholic.ackr secondary to osteoporotic VCFs and treated by PVP, was

clinical studies to assess the statistical relation to the clinical
4,6,12,15,19,21)
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designed to evaluate the clinical outcomes in terms of the
pain improvement, mobility, requirement of analgesics, and
the patient’ satisfaction. The authors also analyzed the various
clinical factors affecting these results using Spearman corre-
lation analysis and muldvariate polytomous logistic regres-
sions test.

MATERIALS AND METHODS

A total 215 patients with 383 symptomatic osteoporotic
VCFs were consecutively treated with PVP by one physician
(CK.P), who could be followed-up for more than 6 mon-
ths without interruption after PVE were included in this
study. The mean age of the patients was 70.37 years (range
47-92 years) at the time of the operation (Table 1). The
follow-up period ranged from 6 months to 22 months
(average 15 months).

All patients demonstrated acute agonizing or chronic
severe focal back pain, which did not respond to bed rest
and analgesics. Osteoporotic VCFs were confirmed by
plain radiography, bone mineral densitometry (BMD), CT
and bone scan imaging. The degree of focal back pain was
assessed using a visual analogue scale (VAS : 0=no pain, 10 :
worst pain possible). Limited CT scanning at the operated
vertebrae was performed in all patients to determine
leakage of the PMMA cement within 24 hrs. The degree of
vertebral compression was ranged from 15% to 75% of the
expected normal height of the affected vertebral body on
lateral radiographs (average 45.5%). 77.3 % (296 vertebrac)
of VCFs was observed at the level between D9 and L3,
15.7% (60 vertebrae) was at the lower lumbar region (L4
and L5), and the remaining 7.0% (27 vertebrae) was above
D9. Bone scan imaging showed high uptake (greater or
equal to the sacroiliac joint) in 352 vertebrae (92%) and
low uptake (lesser than the sacroiliac joint but greater than
normal adjacent vertebrae) in 31 (8%). The average T-score
of the spine in BMD was -3.324 (range, -1.6 to -6.2). The
precise chronology of pain and the age of VCFs were well
defined in some patients but uncertain in others. However,
even in the uncertain cases, the padents presented with a
history of back pain for specified duration. The duration of
pain before PVP was used as a surrogate measure for the
age of VCE The duration ranged from 6 days to 6 months :
within 2 weeks in 7 cases, 3.3% of the all cases; 2 to 4 weeks
in 41, 19.1%; 4 to 8 weeks in 68, 31.6%; 2 to 4 months in
62, 28.8%; 4 to 6 months in 37, 17.2%. Postopeartive CT
scan revealed PMMA leakage into the epidural space of the
spinal canal in 157 patients (29.5%), the paravertebral
space in 18 (3.4%), and the adjacent intradiscal space in 12
(2.3%). However, no patients presented neurological deficit
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Table 1. Distribution of patients (M=24, F=191)

Age
Underé0 6165 6670  71-75 Over76 Totdl
Sex
Femdle 21 27 54 55 34 191
Mdle 2 2 2 3 15 24
Totdl (%) 23(107) 29(135) 56(260) 58(27.0) 49(228) 215

immediately or late, or needed surgical intervention. No
other serious complications such as osteomyelitis or pul-
monary embolism occurred in any of our patients.

The authors used pre-established protocols to analyze the
possible clinical predictors affecting the treatment results of
PVP. The variables employed in the protocols were classi-
fied into three groups : ‘preoperatve factors, ‘intraoperative
factors’, and ‘postoperative image finding’.

Preoperative Factors

First, the age of fracture, the duration from fracture to
PVP was divided into five groups ranging from less than
two weeks to over 4 months. Second, severity of pain,
assessed with VAS score at admission. Third, the number of
fractured vertebrae, treated with. Fourth, the levels of
fractured vertebrae were divided into four groups as ‘upper
thoracic vertebrae’ (above 8th thoracic vertebra), ‘lower
thoracic vertebrae’ (between 9 and 12* thoracic vertebrae),
‘upper lumbar vertebrae’ (between 1% and 3™ lumbar
vertebrae), and ‘lower lumbar vertebrae’ (4" and 5% lumbar
vertebrae). Fifth, the degree of compression was divided into
three groups based on plain radiography as ‘less than 30%
of the expected normal height of the affected vertebrac’,
‘from 31% to 70%’, and ‘more than 70%’. Sixth, the
patients were divided into two groups based on results of
bone scan imaging as high uptake at fractured vertebrae,
and low uptake. Seventh, the mean value of T-score in the
lumbar region obtained by BMD was correlated to treat-
ment results.

Intraoperative factors

Depending on the total amount of PMMA injected into
the affected vertebrae, patients were divided into 4 groups
as ‘less than 2 cc’, 2-3.9 cc, 4-5.9 cc, and ‘more than 6 cc.
Comparative analysis was also made between two groups,
that is, one undergoing PVP by bipedicular and the other
by unipedicular approach.

Postoperative imaging findings

The patterns of the injected PMMA observed on the
axial images of the postoperative CT were analyzed in four
ways to determine correlation with the treatment results.
First, the cases were divided into two groups depending on
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the extent of PMMA filling up the vertebral body as one
group filling with more than 50% of the vertebrae, and the
other with less than 50%. Second, according to the types of
epidural leakage of PMMA, we divided the patients into
three groups as, ‘into the central spinal canal’, ‘into the
neural foramen’, and ‘no leakage’. In cases with epidural
leakage, the extent of leakage was expressed with percen-
tages by dividing the area of the leaked PMMA to the total
area of the spinal canal or by dividing the width of neural
foramen. Cross sectional areas of the vertebral body and the

injected PMMA, and of the spinal canal and leaked PMMA

applied to determine the independent effect of the
predictor variables after adjusting confounding effects of
the variables. Logistic regression models were selected by
choosing those variables showing statistical significance in a
univariate analysis.

All statistical analyses were performed using SAS for
Windows version 6.2, and the case, whose p-value was 0.05
or less, was regarded to be statistically significant.

Table 2. Original points used for three outcome variables

Treattment resulfs point
were measured by determining the pixel quantity in the Changes n pain
region of interest through the distribution of histogram on No 1
the digital image obtained by the scanner, using graphic Mid )
software (Adobe Photoshop version 7.0), and then each Moderute 3
quantity was expressed with percentage. Third, the cases Severe 4
with the leakage of PMMA into the paravertebral muscles Unbeurdble 5
were divided into two groups, one group with leakage and Activity
the other without. Lastly, the cases of the leakage into the No Iimi‘ruﬁonl S 1
adjacent intervertebral disc space were also divided into two Selfumb.ulumln ot mld imifcfion 2
groups in the same manner. Amblulunon wilh cssst S
Bedridden 4
Taking undlgesics
Treatment results Not .
Three specific outcome variables including ‘change in pain, Infermittent 9
‘degree of activity’, and ‘analgesics use’ were investigated Regular 3
with questionnaires of the pre-established protocol at Need to IV injection 4
admission and more than 6 months
after the PVP procedure by personal Table 3. Factors affecting relief of pain
interviews or telephone calls from a Speurman Muttivarite
third party, who was not involved in Fuctors r correlation anclysis unalysis
the treatment (Table 2). Pre- and prvoiue prvelue
. . Preoperdtive
post-treatment questionnaires were i
compared. Treatment results were ot 000t 09868
. . . . Sex* 0014 08324
intentionally categorized into four Durdtion 095 0.0001 0,001
grades; ‘good’ for a case showing de- Severiy of puin 0525 00001 00001
crease of 1 point, ‘no change’ showing Number of fructured vertebrae 0.110 0.1077
no change, and ‘worse’ showing increase Deyree of body compression 0003 09274
of the point. As for patient’s satisfac- Levels of fractured vertebrae -0.085 00483 02384
tion, the other outcome variable, the Bone scun 0553 00001 0.0001
respondents were divided into 4 BMD score 0210 00021 0.0001
groups as ‘very satisfied’, ‘somewhat ~ Infruoperciive
satisfied’, ‘somewhat dissatisfied’ and Amount of injected PMMA 0048 0.2620
‘ery dissatisfied’. Bipedicular or unipedicular 0044 0.3047
Postoperdtive
Statistical analysis E::Z:TrjszAﬁ"'ng 0020 0e4e0
Statlstléal asso.c1at10n of f':ach ouF— Contrallock 004 03011
come variable with the predictor vari- Foraminal leck 0051 02359
ables was determined using Spearman Puravertebral leuk 009 04936
correlation analysis. Multivariate Infradiscal leak 0016 07012

polytomous logistic regressions were
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Table 4. Factors affecting activity

PVP (p=0.0163), the less severe focal

Spearman Mulivaricte back pain was (p=0.0061), low uptake

Factors r correlation anclysis anailysis bone scan (p=0.0003), the smaller

prvalue prvalue amount of injected PMMA (p=0.061),

Precperciive and leakage of PMMA into the

Age 0081 03770 paravertebral space (p=0.0364), the
Sex* 0073 0.2860 ] . .

. ess improvement or the worse in
Durction 0165 00163 00005 activity following PVP was observed
Severty of pin 0328 0.0001 00001 ; th &

Number of fractured vertebrue 0.084 02225 at foflow-up. L.
Deyree of body compression 0040 03493 Hovyever, mu.ltlvarlate p.olytomous
Levels of fructured vertebrue 0041 0.3493 logistic regression analysis revealed
Bohe scan 0.249 00003 00011 that the age of fracture (p=0.0005),
BMD score 0074 02821 the severity of pain (p=0.0001) and
Intruoperative the low uptake bone scan (p=0.0011)
Amount of injected PMMA 0118 0.0061 00683 among the preoperative factors, and
Bipediculr or unipediculor 0065 01333 the leakage into the paravertebral
Postoperuiive - space (p=0.0483) among the post-
Extent of PMMA flling 0028 05136 operative image findings remained
Epidurdl ledk . ..
significant, but amount of injected
Cenfralleck 0018 06634 PMMA, one of the intraoperative
Foraminal leck 0048 02648 P ’l scical si P q
R 00% 00364 actors, lost statistical significance
Infradiscal leck 0002 09546 (p=0.0683) (Table 4).

Speurmaun correlation coefficients / Prob > | R| under Ho : Rho=0 / N=215, *Chi-syuure test for trend

RESULTS

Factors affecting relief of pain

With regards to long-term effects of PVP on focal back
pain related to VCFs, there were ‘good’ in 95 cases
(44.2%), ‘fair’ in 86 cases (40.0%), ‘no change’ in 28 cases
(13%), and ‘worse’ in 6 cases (2.7%). Spearman correlation
analysis revealed that only the preoperative factors had a
relationship with changes in pain, but neither intraoperative
factors nor postoperative image findings showed significant
relationship, The sooner the patient received PVP after
fracture (p=0.0001), the more severe focal back pain
(p=0.0001), the higher the level of the fractured vertebrae
(p=0.0483), high uptake bone scan (p=0.0001), and the
lower mean T-score on the BMD (p=0.0021), the better
pain relief following PVP was observed at follow-up.

Multivariate polytomous logistic regression analysis indi-
cated that the level of fractured vertebrae lost statistical

significance (p=0.2384) (Table 3).

Factors affecting activity

With regard to long-term effects of PVP on activities
following VCFs, 76 cases (35.3%) were observed as ‘good’,
79 cases (36.7%) as fair, 53 cases (24.7%) as ‘no change,
and 7 (3.3%) as ‘worse’. Spearman correlation analysis
showed that the longer the duration between fracture and
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Factors affecting analgesics use

With regard to long-term effects of PVP on taking
analgesics following VCFs, 68 cases (31.7%) were classified
as ‘good’, 73 (34.0%) as ‘fair’, 60 (27.9%) as ‘no change’,
and 14 (6.4%) as ‘worse’. Spearman correlation analysis
showed that the fair sex (p=0.0090), low uptake bone scan
(p=0.0002) and the small amount of injected PMMA
(p=0.0409) had statistical significance. However,
multivariate polytomous logistic regression analysis
indicated that the amount of injected PMMA lost its
statistical significance (p=0.1925) (Table 5).

Patient’s satisfaction

Seventy-six cases (34.9%) were disclosed as ‘very satisfied’,
106 (49.3%) as ‘somewhat satisfied’, 21 (9.8%) as ‘some-
what dissatisfied’, and 13 (6.0%) as ‘very dissatisfied” based
on the survey determining the degree of satisfaction at the
operation result. Spearman correlation analysis showed that
among the preoperative factors, the longer the duration
between fracture and PVP (p=0.0001), low uptake bone
scan (p=0.0001), and the higher the mean T-score
(p=0.0031), the less the patients were satisfied with the
operation result. Among the postoperative image findings,
the cases with leakage of PMMA into the paravertebral
space (p=0.0056) and into the adjacent intervertebral disc
space (p=0.0359) showed also statistical significance.
However, multivariate polytomous logistic regression
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Table 5. Factors affecting analgesic use

study with fresh human cadaver spines

Spearman Mulfivoricte that the lower the initial BMD, the

Factors r correldation analysis andlysis more pronounoed was the augmentation

. prvelue prvalue effect of PMMA, which reliably and

Precperciive significantly raised the stiffness and

Age 0.001 0.9887 . . .
maximal tolerable force until failure in
Sex* 0.179 0.0090 . - 12)

. osteoporotic vertebral bodies'”. In
Duration 0.062 03715 0.0001 .. .

, y contrast, no significant increase was
Severity of pdin 0.001 09911 hieved i . . T
Numboer of fructured vertebrue 0051 04531 ac lek‘: T ;on'tflomftflc p ef‘:‘men,s‘ (;
Deyree of body compression 0058 0.17%4 our OW(? e 1 € etlect of severity Of
Levels of fractured vertebrae 0.065 0.1345 OSCOPOTOsIS on Jong-term outco'm €o
Bone scun 0256 00002 0.000] PVP treatment has not been specifically
BMD score 0023 07366 measured to date.

Infruoperative Kaufmann et al.” reported that the
Amount of injected PMMA 0012 0.0409 0.1925 effect of PVP on the pain relief after
Bipedicular or unipedicular -0.055 0.2055 OVCFs was attenuated in patients

Postoperative with older fractures. Maynard et al."¥
Extent of PMMA filing 0,036 04061 reported that increased activity on
Epidural leuk OVCFs revealed by bone scan imaging

Central leck 0047 02745 had high predictive value of positive

Foruminallek 0003 09465 clinical response to PVDP. But, they
Puravertebrul leuk 0027 05286 concerned about a limitation of work-
Infradliscal leck 0,051 02402

up bias in the results caused by exclusion

Speurman correlation coefficients / Prob > | R| under Ho: Rho=0 / N=215. *Chi-sqyudre test for frend

analysis revealed that the leakage of PMMA into the
adjacent intervertebral disc space lost statistical significance
(p=0.1801) (Table 6).

Age, degree of vertebral body compression, number of
fractured vertebrae, the level of VCFs, the amount of the
injected PMMA, injection by bipedicular or unipedicular
approach, the extent of PMMA filling up the vertebral
body, or the leakage of PMMA into the posterior epidural
space or adjacent intradiscal space had no statistical
correlation with any outcome variables.

DISCUSSION

This study demonstrates that the age of the fracture, bone
scan imaging findings, the degree of pain as well as the
severity of osteoporosis all influence the treatment outcome.
There was strong correlation between the severity of pre-
procedural pain score and the post-procedural clinical
response; the more severe the pain, the more significant was
the improvement following PV

In patients with VCFs, which resulted from severe
osteoporosis, diagnosed by T-score of BMD, better long-
term treatment results could be obtained compared to
patients with no or mild osteoporosis. Heini and his
colleagues'” demonstrated in their study of biomechanical
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of patients with negative bone scan
from their series. Moreover, these
results have been achieved in a small series and short-term
follow-up. These were confirmed by our larger and longer-
term follow-up series, including patients with low uptake
bone scan.

Other techniques, including CT and MRI, might be
useful in selecting patients. In particular, MRI offers the
advantage over bone scan imaging such as accurate assessment
of bony deformity and the presence or absence of edema. In
our series, MRI was optional, but CT and bone scan
imaging were exclusively included : CT for assessing disrup-
tion of bony continuity in the posterior wall of vertebral
body in order to avoid leakage of PMMA through the bony
disruption into the spinal canal, and bone scan for disting-
uishing painful fractures from healed fractures.

It appeared that the fair sex and low uptake on bone scan
imaging had negative effects on the treatment results with
regard to analgesics use in this study. The mechanism of the
relationship of the fair sex and low uptake bone scan with
unfavorable treatment outcome regarding ‘analgesics use’ has
not been defined yet. The fair sex and the patents with low
uptake bone scan (older fractures) might have become more
habituated to or dependent on a certain level of analgesia
before the procedures than male sex and the patients with high
uptake bone scan (younger fractures), and thus responded
less to PVP with regard to analgesic use. Expected improve-
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Table 6. Factors affecting patient’s satisfaction

space can be considered in two ways :

Spedrmoen Multivoricte leaking through the broken cortex of

Factors r correlation analysis anailysis the vertebral body into the paravertebral

. prvalue prvalue tissues during injection and direct

Pre(?peru’nve injection to the paravertebral muscles

Age 0035 06073 caused by injection of PMMA follow-
Sex* 0.082 04522 . .

. ing improper placement of needle,
Duration 0451 0.0001 0.0001 . . .

, y especially in small vertebrae like the
Severity of pdin 0.049 04730 id and the . We h
Number of fractured vertebrae 0033 06225 fid an uiper oracie ?iika ¢ have
Deyree of body compression 0.061 0.1587 experienced two cases ol leakage Into
Levels of fractured vertebrae 0079 0.0667 paraver tebral m u.scles. The leaked
Bone scan 0405 00001 00001 PMMA spr.ead .rapld'ly along the psoas
BMD score 0.202 00031 0.0004 muscle durmg lIleCthIl, and thC patl—

Intraoperative ents complained of agonizing flank
Amount of injected PMMA 0066 01273 pain a minute later, maybe due to
Biuediculor or unipediculor 0076 00783 thermal effects of polymerization o

Postoperdtive PMMA. Postoperatively; they could not
Extent of PMMA filing 0057 01869 ambulate well for several months
Epidural leck because of consistent severe flank pain.

Central leck 0024 05669 In contrast, the cases with leakage of

Foruminal leuk 0059 0.1704 PMMA into the adjacent tissues the
Paravertebrul ledk 0120 0.00% 00048 broken cortex did not present such
Infradliscal leck 0.091 0.0359 0.1801

serious symptoms. Leakage of PMMA

Speurman correlation coefficients / Prob > I R| under Ho: Rho=0 / N=215. *Chi-sqyudre test for frend

ment in patient activity after PVP might be also rather
limited in such patients with lower pre-procedural activity
levels as with chronic back pain resultng from older age of
fractures.

Other preoperative clinical factors assessed at study entry
such as patient’s age, the number of fractured vertebrae
treated, or level of fractured vertebrae did not predict the
response to PVP. Cortet et al.” have demonstrated in small
series of 16 cases that treatment efficacy of PVP in patents
with osteoporosis VCFs was not influenced by sex, number
of vertebrae treated, or BMD at baseline in 6 months follow-
up study. O’Brien et al."” have insisted that reduced vertebral
body height might not be an exclusion criterion for PVP in
osteoporotic VCFs or a factor inducing unfavorable surgical
results. However, in our study, the degree of reduced vert-
ebral body height was not related to all parameters of the
clinical outcome.

Among the outcome variables of the intraoperative factors
and postoperative image findings, only leakage of PMMA
into the paravertebral space had relationship with the long-
term treatment results. It has been reported that one of the
most setious surgical complicadons, which had unfavorable
influence upon both immediate and late surgical outcome,
was leakage of PMMA into the paravertebral muscles. The
mechanisms for leakage of PMMA into the paravertebral
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into the paravertebtal space exerted
unfavorable influence upon the changes
in activity and patient’s satisfaction postoperatively in this
study.

The other intraoperative factors and postoperative imaging
such as amount of PMMA injected, bi- or uni-pedicluar
approach, the extent of PMMA filling in the vertebral body,
or epidural and intradiscal leakage of PMMA did not appear
to have relationship with long-term outcome. Gangi et al."”
have reported the clinical experiences of PVP in bone metas-
tasis or multiple myeloma. In their results, there was no
correlation between the degree of pain relief and the extent of
PMMA filling or between pain relief and amount of PMMA
injected per vertebra. Cortet et al.” have stated that the
control of PMMA volume seemed to be the most critical
point for avoiding complications, because excessive PMMA
volume injection could result in not only PMMA leakages
but also the treatment failure including adjacent vertebra
fractures.>>*'” These dlinical factors have been also investigated
in various biomechanical studies with postmortem subjects.
Liebschner et al."” have shown that large fill volumes of
PMMA in damaged vertebra might not be the most biome-
chanical optimal configuration, which could result in sub-
stantial increase in stiffness too much beyond the intact level.
Dean et al.” have revealed that the magnitude of strength in
the vertebral body did not correlate with volume of PMMA
injected. Moreover, Tohmeh et al.** have demonstrated that
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there were no significant differences in strength of vertebral
bodies injected between by uni- and bi-pedicular approaches.

With regard to correlation between epidural leakage and
outcome, we have analyzed therapeutic results with leakage
of PMMA into the epidural space in 92 of 347 treated
vertebrae in 64 of the 159 patients, and reported that
epidural leakage of PMMA might attenuate the immediate
therapeutic effects of PVP on pain relief, but it had no
significant effects on the late outcome, 3 months postopera-
tively in previous report’”.

Our success rate is 181/215 (84.2%) in relief of pain,
155/215 (72.0%) in change in activity, 141/215 (65.7%) in
analgesics use, and 182/215 (84.7%) of satisfaction rate, if
the grades, ‘good’ and ‘fair’ are considered as success, which is
comparable with the results of what has been previously
reported as 75-90%" 4751131429,

The cohort of our study represents a challenging series
using several variables and relatively large sample size.
Moreover, this study is limited by review biases inherent in
many retrospective observational studies, even if a pre-
established protocol was used. In some cases, it was hard to
assess the postoperative status and to determine reliability of
their answers. Although we tried to reduce the effects of biases
statistically, but it was not possible to know exactly the extent
to which factors such as the placebo effect, natural history of
the disease, and general condition of the patients may have
biased conclusions made from these data. Inclusion and
exclusion criteria for PVP merit further study, preferably with
prospective randomized trials.

We believe that careful patient selection is essential to the
success of PVP. Our study suggests that PVP may be consi-
dered early in the acute phase for the treatment of VCFs who
present severe focal pain, and far advanced osteoporosis on
BMD. The earlier PVP is performed in these patients, the
carlier they return to usual activity and improve in analgesics
use. Moreover, the risk of various complications, especially
leakage of PMMA into the paravertebral and epidural spaces
should be avoided to improve surgical results. In experienced
hands and with appropriately selected patients, PVP could be
a safe and efficacious procedure in terms of not only pain
relief and improvement of disability associated with osteopo-
rotic VCFs but also patient satisfaction.

CONCLUSION

Our study demonstrated that PVP could be good thera-
peutic modality for treating osteoporotic VCFs including
pain improvement, increased mobility, and less requiring
analgesics. Also, PVP may be more effective when it is per-
formed to the patients who has acute phase of osteoporotic
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VCFs, severe focal back pain, and severe osteoporosis. The
leakage of PMMA could reduce therapeutic effect of PVP. To
make surgical outcome of PVP better, appropriate patients
selection and careful procedure to prevent PMMA leakages
should be required.
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